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Abstract  
Lack of management in secondary forest is significantly reducing the recovery process of nutrients especially on the top 
soil. Based on these facts, the soil texture and soil nutrients in secondary forest are important to be studied. The total of 50 
soil samples was collected from different plots at 0-15 cm in depth and were analysed in the laboratory. The result shows 
that the soil of Krau Wildlife Reserve (KWR) is predominated by sandy loam type, soil pH range from strong acidic to 
slight acidic whereas the compaction range from moderate to serve. The mean of total carbon (C), Nitrogen (N) and CN 
ratio and phosphorus (P) are lower; however, the Exchangeable Cation (EC) are higher than what other studies found in 
secondary forest in peninsular Malaysia. Statistical correlation analysis found that the different percentage of sand, silt and 
clay particles significantly influenced the soil nutrients. Following the criteria of tropical soil quality index, the soil 
nutrients of KWR 30 years after logging activities is still low.  
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1. Introduction  
Secondary forests have constituted in many areas in the world, especially in developing nation. In Malaysia, 
since 1990 to 2005 the forest cover has decreased about 1,486,000 ha annually and estimated to reach about 
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6.64% of total Malaysian forest area [1]. Deforestation leads to the decline of soil fertility, which is indicated 
by a decrease in soil organic matter due to an imbalance between the input and output of carbon and other 
nutrients that originate from vegetation. According to Jordan [2] the soil in the tropical forest are infertile; 
besides, deforestation can disturb the process of nutrients recycling, so these nutrients can be rapidly lost 
especially in the top soil within deforestation. In fact, it can increase the soil compaction during the logging 
done. Where, it will directly give the negative impact to the seed germination and penetration of nutrients 
from decomposition especially in the first stage of regeneration process. Generally, Regenerating occur 
naturally in the place of logging, mining, road and shifting agriculture [3]. Unfortunately, natural regeneration 
especially in post-logging forest is lack of productivity [4], as its result many of them were converted into 
other monocultures for timber industry, oil palm, rubber and other plantation crops which have high economic 
values. 
Loss of Productivity in post-logging forest is not only a direct effect of the mature trees loss as a seed 
producer in the forest. But, it can occur due to change in soil environmental condition such as soil compaction 
and soil chemical properties. There are two logging methods that generally use in logging activities namely 
Clear cutting and selective logging. Many studies have been carried out to see the impacts of both logging 
methods [4], [5], [6]. As a result was found that both methods have negative impacts on regeneration process 
of secondary forest. Whereby, the logging activities can decrease of seed resources, increase of soil 
compaction and change of soil chemical properties that directly influence the forest recovery process. 
Nevertheless, the influence can vary depending on the level of land cover change [6].  
According to [7] about one hundred years ago, the positive effect of a well-disposed soil structure, water 
availability, gases transport and soil strength have been described that have an effect on root growth. In 
addition, it is stressed that there are mechanisms involved in relationships between soil structure and plant 
growth that should be investigated, not only to achieve higher crop yields but also for further improve relevant 
soil properties. At that time, researchers generally were concerned with study aimed to optimize the crop 
productivity and they were not obliged to care about environmental problems. However, even in 1898, it was 
well known that, under given environmental conditions, a favourable soil structure results in consistent crop 
productivity and it was recognised that, under the same conditions, soil compaction usually will have negative 
effect on plant growth. Throughout the decades, this knowledge has repeatedly been confirmed by many 
studies on the effects of soil compaction e.g [7], [8]. In past researches were determined that the soil 
compaction is affected by soil texture. In the other hand, loss of organic matter in the soil can give the 
negative impact on soil compaction also. According to Hamza and Anderson [8], organic matter retains the 
water of soil thus help soil to rebound against compaction and decrease bulk density as well as increase soil 
strength [7]. 
Basically, the soil nutrients can be divided by two categories namely organic and inorganic matters. 
Organic matter is a matter composed by waste of living organisms such as plants and animals in the 
environment; whereas inorganic matter is the natural components of the soil that are naturally composed from  
geological system. The total of organic matters in the soil is very important as indicators of soil fertility. 
Where, the fertility of soil related with its capacity to store, retain and release the nutrients that are required 
for plant growth especially C and N. According to Chesworth [9], there are sixteen chemical elements that 
have been recognized as being essential element for all plants growth. These elements are divided into two 
categories namely macronutrient and micronutrient.  
The role of nutrients in regeneration forest is important to increase the recovery process. An early 
investigation of plant nutrient did not find the significant information regarding to the exact concentration of 
nutrients that are required by plant for successive growth. The tiniest imaginable quantities for instance, it is 
estimated that a plant requires 60 million times less molybdenum than hydrogen, yet both are essential. Such 
exact amount could not be detected by the crude method of measurement at the time ash element where 
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discovered. Now it is clear that there are nine elements which are required in relatively high amounts i.e. C, H, 
O, N, P, S, Ca, and Mg. these elements are called macronutrients and the elements that are required in little 
amount are Fe, Mn, Cu, Zn, Mo, B, and Cl, it is called as micronutrients [9]. However, every plant species 
require different amount of nutrient to maximize their productivity [10]. The objectives of the study were to 
determine the condition of nutrients and the composition of soil particle size as well as its correlation with the 
nutrients recovery 30 years after logging activities at KWR, Pahang, Malaysia.  
2. Materials and methods  
2.1. Study site 
The study was conducted at Krau Wildlife Reserve (KWR), Pahang. The site is located about 245 km from 
Kuala Lumpur and 5 km from Kuala Krau village. It lies in the west central of Pahang with an approximate 
area of 62,000 ha (3º43’N, 102º10’S). The reserve is comprises from lowland habitat in the southern part and 
sub-mountain to mountain in the north part. The highest peak is the Gunum Benom located at the northwest of 
the reserve. The lowland forest soil areas are predominantly derived from intrusive hornblende-granite with 
exposures of syenite, pyroxene-granite propyry and dioxite, but with a heavy sedimentary and organic overlay. 
On the north-east of Gunung Benom, the soil is affected by triessic sedimentary rocks and quaternary volcanic 
effusive up to about 1,000 m; toward the summit of Gunung Benom granitic rock and bulder become exposed. 
Soil composition is also influenced by heavy leaching of nutrients on the steeps slopes [11].  
2.2. Sampling design  
The plot design in this study was carried out within 4 transect lines which consists of 50 quadrat plots with 
the size of 20 × 20 m (2 ha). The establishment of the transect lines in the forest were done with purposive 
sampling design. The position of the first plot in the transect line was done with random sampling method and 
then the second plot was systematically opposite with the first and the third was opposite with the second until 
the end of transect line. The total length of the transect lines 1, 2 and 3 are 1.15 km with 13 plots, respectively; 
whereas the transect line 4 is 1.05 km with 11 plots. The distance between plots in transect line are 50 m. To 
analyse the soil chemical properties of secondary forest at KWR; plot with the size of 20 × 20 m were divided 
into 16 sub-plots and randomly chosen 5 sub-plots to collect the soil samples at the depths of 0-15 cm (top 
soil). The fifth soil from sub-sample plot was mixed to be one sample. The same procedures have been 
replicated for all sample plots 20 × 20 m as many as 50 plots.   
2.3. Soil analysis  
A total of 50 soil samples were collected from the study site at KWR. All samples were air-dried for two 
weeks then crushed manually and sieve to pass 2 mm mesh sieve. The distribution of particle-size of soil into 
coarse sand, fine sand, silt and clay were determined by pipette method. The method consists of destruction of 
the organic matter by heating with the hydrogen peroxide by treating the sample with 0.2 M hydrochloric acid 
and dispersed by calgon. The sand with 0.5-1.0 mm was separated by sieving process whereas silt (0.002-
0.5mm) and clay (less than 0.002mm) were determined by the pipette method [12]. The soil type was 
determined by mean of the particle-size from fifty sample plots with soil triangle follow the criteria of the 
United States Department of Agriculture system (USDA).  
Soil pH and Moisture were determined directly in the field with accurate pH 7 (pH meter). The total 
nitrogen (N) was determined by Kjedahl method and total Carbon (C) was determined by Walkley and Black 
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method [13], whereas total P was determined Bray II method [12]. Available Ca, K, Mg and Na were 
analysed using leaching method with spectrophotometer with Optical Emission Spectrometer (Optima) model 
5300 DV [12]. R software model 3.0.1 was used to analyse the correlation between availability of 
macronutrient and the composition of soil particle size such as sand, silt and clay. 
3. Result and Discussion   
3.1. Results 
Soil particle size compositions from 50 samples were identified, in coarse sand, fine sand, silt and clay 
categories. The determination of soil type based on percentage of texture composition was carried out follow 
the criteria of the USDA. The result shows that the top soil of KWR was dominated by sandy loam soil where 
is occur in 28 sample plots. Sandy clay loam is found in 11 sample plots, loam in 5 sample plots, clay in 3 
sample plots, clay loam in 2 sample plots and loamy sand in 1 sample plot. Soil texture and soil chemical 
properties of KWR in this study are presented in Table 1.   
Table 1. Composition of physic-chemical properties of secondary forest at KWR, Pahang, Malaysia 
Parameters Soil properties (top soil (0-15 cm depth) Range of properties (n=50) Mean 
Soil compaction  128 - 376 psi 211.44 psi (56.46) 
Soil texture  Coarse sand (0.25-2.00 mm) 8.6 - 42.13 % 24.47 %  (7.97) 
Fine sand (0.05-0.25 mm) 7.85 - 53.8 % 39.09 %  (10.14) 
Silt (0.002–0.05 mm) 5 - 35.5 % 13.22 %  (7.54) 
Clay (<0.002 mm) 7.5 - 55 % 21.84 %  (10.19) 
Soil chemical properties  PH 5.27 - 6.47  6.08 (0.327) 
Total C (g kg-1)  1.65-5.54  2.76 (0.72) 
Total N (g kg-1) 0.15 - 0.69  0.28 (0.11) 
C/N ratio  4.56 - 16.33  10.33 (2.8) 
Available (mg P kg-1)  0.356 - 0.749  0.525 (0.08) 
Exchangeable Ca (cmolc kg-1) 0.09 - 6.94  1.92 (1.63) 
Exchangeable Mg (cmolc kg-1) 0.1 - 1.05  0.30 (0.21) 
Exchangeable K (cmolc kg-1) 0.16 - 7.16  2.00 (1.92) 
Exchangeable Na (cmolc kg-1) 0.05 - 0.17  0.08 (0.02) 
Note: psi = per square inch; Parentheses indicate standard deviation.  
Table 2. Correlation analysis of soil chemical properties and soil texture of secondary forest at KWR, Pahang, Malaysia 
Parameters Sand Silt Clay Compaction 
Nitrogen (N) r = 0.266 ns r = 0.586*** r = 0.156 ns r = 0.448** 
Carbon (C) r = 0.030 ns r =0.296*  r =0.0921 ns r = 0.219 ns 
Phosphorus (P) r = 0.459***  r = 0.071 ns r = 0.195 ns r = 0.175 ns 
Calcium (Ca) r = 0.243 ns r = 0.449***  r = 0.077 ns r = 0.277* 
Calcium (K)  r =0.338*  r = 0.775***  r = 0.001 ns r = 0.564*** 
Manganese (Mg) r =0.377**  r = 0.726***  r = 0.029 ns r = 0.492*** 
Natrium (Na) r = 0.109 ns r = 0.438**  r = 0.019 ns r = 0.101 ns 
pH r = 0.461 *** r = 0.222 ns r = 0.166 ns r = 3.15*  
Note: ns is the ‘none significant correlation’; Significant code: 0 ‘***’, 0.001 ‘**’, 0.01 ‘*’, 0.05 ‘.’, 0.1   
The correlation analysis of soil chemical properties and composition of soil particle size such as sand, silt 
and clay were analysed with R software model 3.0.1. The result shows that any chemical elements have 
significant correlation with size of particle soil. Pearson correlation analysis shows that the sand fraction has 
strong positive correlation with P and soil pH. Unfortunately, the increase of sand fraction in the soil shows 
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has significant to decrease the Mg and K. The silt particle has high correlation with almost all soil chemical 
elements except P and soil pH; otherwise, the clay particle was found has no correlation with all soil chemical 
elements. Besides, it was found that soil compaction has strong correlation with any soil chemical elements 
such as N, Ca, K, Mg and pH, the complete data is presented in the Table 2.  
3.2. Discussion 
There are many components that must be known in soil science to understand its role on plant ecology; e.g. 
soil texture, chemical properties, water holding capacity and bulk density. Soil texture is one of the important 
characters of soil environment that directly influence the quality of soil then effect the plant growth. Generally, 
soil texture consists of proportional sand, silt and clay [14]. Clay particle is the smallest fraction with the size 
of less than 0.002 mm, silt around 0.002–0.05 mm, whereas the sand between 0.05–2.0 mm [14]. Soil texture 
affects many other soil properties such as soil chemistry, porosity, structure and permeability. Where, all of 
these properties are very important as an indicator of soil quality index. In the present study, the range of soil 
pH is (5.27-6.47). Follow criteria of the USDA, the pH levels are in strong acidic, moderate acidic to slight 
acidic. Compared to the other studies that have been conducted for instance, study conducted in 10 years after 
logging activities by Ichikogu [4] in Nigeria found that, the pH levels was raged from 5.3-6.14. Based on 
these results, the pH level in this study is more acidic than study that has been conducted by Ichikogu. The 
strong acidic in this study is caused by the ion P that is bound by sand particle. This assumption is supported 
by result of correlation analysis of sand and P that shows strong positive correlation. It is means that, the 
increasing the percentage of sand significantly increased the P content in the soil.  
From 50 sample plots were found that 28 plots representative for sandy loam soil, 11 plots sandy clay loam, 
5 plots loam, 3 plots clay, 2 plots clay loam and 1 plot loamy sand. These results are indicating that generally 
the top soil of KWR was dominated by sandy loam type. The high percentage of sand fraction in the top soil 
at KWR will reduce the C and N contents recovery after heavy leaching during logging activities. Besides, it 
was found that 17 plots have clay content less than 16 % on average. The Low percentage of clay content also 
can increase the leaching of cations such as Ca, K, Mg, and Na; moreover, there were 35 plots have high 
percentage of sand. Where, the high portion of sand in the soil can increase the top soil erosion then decrease 
overall the top soil nutrients.  
The total C and N in this study were determined about 2.76 and 0.28 g kg-1, respectively with CN ratio 
about 10.33. This data is still low compared with other result such as reported by Heryati et al. [12], who 
found C and N about 12.24 and 1.29 g kg-1, respectively, in the plantation forest of K. ivorensis with CN ratio 
about 16. The CN ratio bellow 15 indicating that the soil on stress condition. The low of CN ratio in this study 
is predicted as the impact of heavy leaching on the top soil at the time of logging. In the other hand, that 
condition remind still not productive for all plant growth. Where, it has been reported that the ideal of CN 
ratio for all plants are about 15. The total P is lower (0.52 mg P kg-1) compared with the data that have been 
reported by Abdu et al. [15] who conducted the study in secondary forest and plantation forest at Regam (2.13 
mg P kg-1), Durian (2.09 mg P kg-1) and Padang Besar (1.85 mg P kg-1).The result shows that the soil nutrients 
of secondary forest and plantation forest with full management is faster to recover than the natural forest 
regeneration.  
In contrast, the concentration of cation in this study is higher compared with other studies that have been 
conducted at Durian, Regam and Padang Besar. These results are supported by soil texture analysis which 
found contain higher percentage of clay in average compared with studies conducted by Abdu et al. [15], [12]. 
The increasing of sand in the soil is significantly reducing the capability of soil to hold cation; conversely, the 
increasing of silt and clay significantly increased the capability of soil to hold cation. Whereby, according to 
Mokunya and Melsted [16], the EC element is contained by clay about 51-70%, 22-42% in silt and 0.1-11% 
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in sand.  
 
Fig. 1. Detrended correlation analysis between soil nutrients and soil texture 
The detrended correspondence analysis (DCA) was found that the eigenvalues and decorana values for 
DCA1 and DCA2 are 0.030 and 0.014 whereas decorana values are 0.030 and 0.013, respectively. The axis 
lengths for DCA1, DCA2, DCA3 and DCA4 are 0.601 and 0.41, 0.268 and 0.173, respectively. Figure 1 
shows that the silt fraction in the soil has high correlation with Mg, K, Ca, N and Na; where, they are found in 
the same area. Besides, it was found that the sand has the same preferences with available of P and pH; 
nevertheless, the clay found has no effect with soil chemical element such as shown in the figure 1 where, it is 
found separated with all others soil variable in this study. The same results have been found by Ichikogu [4] in 
Nigeria that increases of silt and clay significantly increases the soil capacity to hold EC. Based on these 
results can be concluded that the different soil type will create the different impacts in logging forest area. As 
the result of these differences, every different forest will need the different management concept to enhance 
the secondary productivity.  
4. Conclusion 
The soil of secondary forest at KWR, Pahang is predominated by sandy loam to sandy clay loam. The 
mean of particle soil size comprised about 63.5% sand (39% fine sand and 24.5% coarse sand), 13 % silt and 
21% clay. Total C, N, CN ratio and P are lower; in contrast is found that the EC are generally higher than 
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what other studies that have been conducted at secondary forest with management in in Peninsular Malaysia. 
The increasing of sand proportion in the soil fraction significantly affects the soil nutrients. However, low 
percentage of sand and increases of silt and clay significantly increased the soil nutrients especially EC. From 
overall results, it is can be concluded that the soil recovery process of the secondary forest in KWR 30 years 
after of logging activities is still far from ideal. Based on the tropical soil quality index the nutrient contents in 
this study is lower compared to the general reading for primary tropical forests.     
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